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(54) ANGULAR VELOCITY SENSOR 

(57) An angular velocity sensor structured so as to 
reduce the application of external vibrations to tuning 
fork (21 ) as described below. Supporting plate (54) hav- 
ing placement part (57) for placing first rubber body (35) 
over the top face thereof is placed above the top face of 
second base (50) via at least two supports (55) so as to 
provide space (54a) between the top face of second 
base (50) and the supporting plate. First cover (34) and 
fist base (31 ) housing tuning fork (21 ) are placed on first 
rubber body (35). Further placed on first cover (34) is 
second rubber body (37). The top face of supporting 
plate (54) and the inner ceiling of second cover (53) 
compress and hold first rubber body (35) and second 
rubber body (37) therein. 



FIG. 1 




Printed by Jowe, 75001 PARIS (FR) 



05/26/2004, east Version: 1.4.1 



1 

Description 

FIELD OF THE INVENTION 



[0001] The present invention relates to an angular ve- 
locity sensor used for the attitude control and navigation 
system of such moving bodies as an aircraft and vehicle. 

BACKGROUND OF THE INVENTION 

[0002] Known as this type of conventional angular ve- 
locity sensor is that disclosed In Japanese Patent Applj- 
cation Non-examined Publication No. H08-1 7091 7. 
■ [0003] Such a conventional angular velocity sensor is 
hereinafter explained with reference to the drawings. 
[0004] Fig. 9 shows a perspective view of the conven- 
tional angular velocity sensor showing that a tuning fork 
is secured to a base; and Fig. 10 is a sectional side el- 
evation view of the same angular velocity sensor. 
[0005] In Figs. 9 and 10, columnar tuning fork 1 is 
composed of a pair of columns 2 and joint 3 connecting 
the ends of this pair of columns 2 together. Provided on 
each of the outer side faces of the pair of columns 2 of 
tuning fork 1 is driving piezoelectric elements 4. In ad- 
dition, provided on the side faces coplanar with those 
having driving piezoelectric elements 4 are reference pi- 
ezoelectric elements 5. Moreover, provided on the side 
faces different from those having driving piezoelectric 
elements 4 and reference piezoelectric elements 5 are 
a pair of detecting piezoelectric elements 6. Metallic 
supporting member 7 supports the base of joint 3 of tun- 
ing fork 1 . The bottom face of supporting member 7 is 
secured to the top face of metallic base 8, and this base 
8 also has a plurality of terminal-insertion holes 9 there- 
in. Terminals 10 pass through these terminal-insertion 
holes 9 via insulators 11 and electrically connect to driv- 
ing piezoelectric elements 4, reference piezoelectric el- 
ements 5, and detecting piezoelectric elements 6 of tun- 
ing fork 1. Circuit board 12 is provided under base 8 and 
connected to leads 1 3 by soldering that are electrically 
connected to terminals 10 through base 8. The circuit 
board 12 also has electronic components 14 mounted 
thereon for processing output signal generated by an- 
gular velocity from detecting piezoelectric elements 6 on 
tuning fork 1 . Supporting base 15 supports base 8 and 
circuit board 12 using stud bolt 16. Metallic cover 17 
houses tuning fork 1 :, base 8 and circuit board 12 therein 
and covers supporting base 15. 
[0006] The operation of the conventional angular ve- 
locity sensor constructed as above is described below. 
[0007] Applying alternative voltages to driving piezo- 
electric elements 4 on tuning fork 1 allows tuning fork 1 
to perform flexural vibration at its characteristic frequen- 
cy in the driven direction and at a speed of V in the driven 
direction. When tuning fork 1 rotates at an angular ve- 
locity of co around the central axis of tuning fork 1 in this 
condition, a Coriolis force of F = 2mv-co is generated in 
the pair of columns 2 of tuning fork 1 , where m is the 
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effective mass of the tuning fork. With this angular ve- 
locity sensor, ^ angular velocity were detected by the fol- 
lowing steps: amplifying the electric charges generated 
by the Coriolis force in detecting piezoelectric elements 
5 6 using electronic components 14 on circuit board 12; 
and measuring the electric charges as output voltages,' 
using an external computer. 

[0008] However, with the above-mentioned conven- 
tional structure, base B and circuit board 1 2 are connect- 
10 ed to supporting base15 via stud bolt 16 as shown in 
Fig. 10 and thus external vibrations are applied to the 
sensor via this stud bolt 1 6. Such external vibrations are 
applied to tuning fork 1 and may generate electric charg- 
es in detecting piezoelectric elements 6 on tuning fork 
1 even when no angular velocity is applied to the angular 
velocity sensor. As a result, the angular velocity sensor 
has a problem of deterioration of its output characteris- 
tics. 

[0009] The present invention addresses the above- 
20 mentioned problem and aims to provide an angular ve- 
locity sensor in which only little vibration is applied to its 
tuning fork composed of first oscillator and second os- 
cillator even when external vibration is applied to the 
sensor with no angular velocity sensors applied thereto 
25 and thus allows the prevention of deterioration of its out- 
put. 

SUMMARY OF THE INVENTION 



3 ° [001 0] The angular velocity sensor of the present in- 
vention has a tuning fork outputting a signal responsive 
to angular velocity; a first base for securing a part of the 
tuning fork to the top face of the base; a first cover for 
covering the tuning fork together with the first base; a 
35 second rubber body in contact with the top face of the 
first cover; a first rubber body having a top face in con- 
tact with the bottom face of the first base; a supporting 
plate having a top face in contact with the bottom face 
of the first rubber body; a second base provided under 
*o the supporting plate; a tubular second cover having a 
bottom and housing the tuning fork, the first base, the 
first cover, the second rubber body the first rubber body, 
and the supporting plate together with the second base! 
The first and second rubber bodies are compressed and 
« held by the top face of the supporting plate and the inner 
ceiling of the second cover. 

[0011] Also the angular velocity sensor of the present 
invention has a first oscillator having at least one driving 
electrode or detecting electrode; a second oscillator 
so having at least one detecting electrode or driving elec- 
trode; a joint connecting one end of the first oscillator 
and one end of the second oscillator; a first base for se- 
curing the joint thereon and having at least three termi- 
nal-insertion holes for passing through at least three ter- 
55 minals electrically connected to the driving electrode or 
detecting electrode; a first cover secured to the top face 
of this first base for covering the first and second oscil- 
lators and the joint; a first rubber body having a top face 
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in contact with the bottom face of the first base; a second 
. ..J u . bbe rbody in contact with the top face of.the first covers - = 
a circuit board provided under the first base and having 
electronic components for processing output signals 
generated by angular velocity from the detecting elec- 5 
trode, and a power-supply terminal, ground terminal, 
and output terminal projecting downwardly; a second 
base provided under the circuit board and having 
through holes for passing and securing the power-sup- 
ply terminal, ground terminal, and output terminal; and 10 
a second tubular cover having a bottom secured to the 
top face of the second base and covering the first base, 
first cover, first rubber body, second rubber body, and 
circuit board. A supporting plate having a placement part 
on the top face thereof for placing the first rubber body 13 
is provided above the top face of the second base so as 
to provide a space between the top face of the second 
base and the supporting plate. The top face of this sup- 
porting plate and the inner ceiling of the second cover 
compress the first rubber body and second rubber body. 20 
[0012] With this structure, a supporting plate having 
a placement part on the top face thereof for placing the 
first rubber body is provided above the top face of the 
second base so as to provide a space between the top 
face of the second base and the supporting plate via at 25 
least two supports and the top face of this supporting 
plate and the inner ceiling of the second cover compress 
the first rubber body and second rubber body! There- 
fore, the first base and the first cover housing the first 
and second oscillators therein are securely supported 30 
by the first and second rubber bodies. Consequently, 
even when external vibrations are applied to the angular 
velocity sensor, these oscillators transferred to the first 
and second oscillators are reduced. 
[0013] Also the angular velocity sensor of the present 35 
invention has a first recess provided on the bottom face 
of the second rubber body and a step provided in the 
inner ceiling of the first recess. The bottom face of this 
step and the top face of the first cover are brought into 
contact with each other. In addition, second recesses 40 
projecting outwardly are provided on the inner side fac- 
es of the first recess. With this structure, the bottom face 
of the step in the inner celling of the first recess in the 
second rubber body is in contact with the top face of the 
first cover and the portions provided on the inner side 45 
faces of the first recess other than the second recesses 
are in contact with the outer side faces of the first cover. 
Such contact reduces the area in which the second rub- 
ber body and the first cover are in contact with each oth- 
er and thus the second rubber body attenuates external so 
vibrations transferred to the first and second oscillators 
of the angular velocity sensor. 
[0014] For the angular velocity sensor of the present 
invention, the second rubber body has the first recess 
shaped to a rectangular parallelepiped, a step provided 55 
on the outer periphery of the inner ceiling of the first re- 
cess, and second recesses provided in the portions 
along long sides of the first recess other than the edges 



thereof. The first cover is also shaped to a rectangular 
parallelepiped -having arropening^at the bottom face" 
thereof. Then the step in the second rubber body is 
brought into contact with the outer periphery of the top 
face of the first cover and the edges of the long sides of 
the first recess provided in the second rubber body is 
brought into contact with the outer side faces of the first 
cover. With this structure, the first cover is brought into 
contact with the second rubber body only on the outer 
periphery of the top face and edges of the outer side 
faces thereof. As a result, even when external rotational 
shocks are applied to the angular velocity sensor, the 
first cover is rarely rotated by the rotational shocks be- 
cause the cover is secured to the second rubber body 
on the outer periphery of the top face and edges of outer 
side faces thereof. 

[0015] The angular velocity sensor of the present in- 
vention also has escapes for receiving at least three ter- 
minals through the first base, in the first rubber body 
thereof. The terminals through the first base are housed 
in the escapes in the first rubber body and such a struc- 
ture enables downsizing of the sensor. 
[0016] The angular velocity sensor of the present in- 
vention also has notches for positioning at least two sup- 
ports, in the side faces of the circuit board thereof. The 
supports of the supporting plate fit into the notches and 
such a structure prevents the supporting plate from 
moving even when strong lateral vibrations are applied . 
to the angular velocity sensor 
[0017] For the angular velocity sensor of the present 
invention, the first base and the first cover are secured 
to each other so as to create a vacuum in the interior 
space formed therebetween. This structure reduces the 
air resistance in the interiorspace between thefirstbase 
and the first cover and thus facilitates the vibration of 
first and second oscillators and improves the output sen- 
sitivity of the angular velocity sensor. 
[0018] For the angular velocity sensor of the present 
invention, at least two supports of the supporting plate 
have broad-shouldered portions having a width larger 
than that of the notches. This structure prevents the sup- 
ports from coming off from the circuit board, even when 
external vertical impulsive force is applied to th e angular 
velocity sensor. As a result, the first and second oscil- 
lators are securely supported and thus the output of the 
angular velocity sensor is stabilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is an exploded perspective view of an angular 
velocity sensor in accordance with an exemplary 
embodiment of the present invention; 
Fig. 2 is a sectional side elevation view of the same 
angular velocity sensor; 

Fig. 3 is a perspective view of a first oscillator, a sec- 
ond oscillator and a joint of the same angular veloc- 
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ity sensor; 

Fig. 4 is a perspective view of a first rubber, body of 
ihe same angular velocity sensor; 
Fig. 5 is a perspective view of a second rubber body 
of the same angular velocity sensor; 5 
Fig. 6 is a perspective view of a circuit board of the 
same angular velocity sensor; 
Fig. 7 is a perspective view of a supporting plate of 
the same angular velocity sensor; 
Fig. 8 is a graph showing transfer characteristics of 10 
vibration varying with areas in which the second 
rubber body is in contact with the first cover in the 
same angular velocity sensor; 
Fig. 9 is a perspective view of a conventional angu- 
lar velocity sensor showing that a tuning fork is se- is 
cured to a base; and 

Fig. 1 0 is a sectional side elevation view of the con- 
ventional angular velocity sensor. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



20 



[0020] An angular velocity sensor in accordance with 
a preferred embodiment of the present invention is here- 
inafter explained with reference to the accompanying 25 
drawings. 

[0021] Fig. 1 is an exploded perspective view of an 
angular velocity sensor in accordance with an exempla- 
ry embodiment of the present invention; Fig. 2 is a sec- 
tional side elevation view of the same angular velocity 30 
sensor; Fig. 3 is a perspective view of a first oscillator, 
a second oscillator and a joint of the same angular ve- 
locity sensor; Fig. 4 is a perspective view of a first rubber 
body of the same angular velocity sensor; Fig. 5 is a 
perspective view of a second rubber body of the same 35 
angular velocity sensor; Fig. 6 is a perspective view of 
a circuit board of the same angular velocity sensor; and 
Fig. 7 is a perspective view of a supporting plate of the 
same angular velocity sensor. Only the second rubber 
body of Fig. 5 is shown as seen from the bottom so as io 
to be understood easily. 

[0022] As shown in Figs. 1 through 7, crystal tuning 
fork 21 is composed of first oscillator 22 of a square pole 
shape, second oscillator 23 of a square pole shape pro- 
vided in parallel with the first oscillator 22, and joint 24 45 
integrally connecting one end of first oscillator 22 to one 
end of second oscillator 23. Driving electrode 25 made 
of gold is provided on each of the four side faces of first 
oscillator 22. Monitoring electrode 26 made of gold is 
provided on the upper side face of second oscillator 23. so 
In addition, provided on the inner side face of second 
oscillator 23 (the face opposite first oscillator 22) is 
ground electrode (not shown). Moreover, a pair of de- 
tecting electrodes 28 made of gold are provided on the 
outer side face. Metallic supporting base 29 shaped to 55 
a rectangular parallelepiped supports the base of joint 
24 of tuning fork 21 . Metallic first base 30 fixes the bot- 
tom of supporting base 29 and also has six terminal- 



insertion holes 31, inner surface of each of which has 
insulator- 32 made of -glass-Six terminals 33 pass 
through terminal-Insertion holes 31 of first base 30 via 
insulators 32. Terminals 33 through first base 30 are 
electrically connected to driving electrodes 25, detecting 
electrodes 28, ground electrode 27, and monitoring 
electrode 26, respectively, via leads (not shown). Metal- 
lic first cover 34 is provided to cover the top face of first 
base 30. First cover 34 and first base 30 house tuning 
fork 21 including first oscillator 22, second oscillator 23 
and joint 24 therein. In this case, first cover 34 and first 
base30 are in close contact with each other so as to cre- 
ate a vacuum in the interior space formed between first 
base 30 and first cover 34. Thus, first base 30 and first 
cover 34 are secured to each other so as to create a 
vacuum in the interior space therebetween and this 
structure eliminates air resistance of the interior space 
between first base 30 and first cover 34. As a result, first 
oscillator 22 and second oscillator 23 oscillate easily 
and this is effective in improving the output sensitivity of 
the angular velocity sensor. 

[0023] The first oscillator may have at least one of 
driving electrode and detecting electrode and the sec- 
ond oscillator may have at least one of detecting elec- 
trode and driving electrode. 

[0024] First rubber body 35 is provided so that its top 
face is in contact with the bottom face of first base 30. 
Moreover, first rubber body 35 has escapes 36 for rer 
ceiving six terminals 33 through first base 30. Since es- 
capes 36 for receiving six terminals 33 through first base 
30 are provided In first rubber body 35 as mentioned 
above, terminals 33 through first base 30 are housed in 
escapes 36 in first rubber body 35. This structure ena- 
bles downsizing of the angular velocity sensor. 
[0025] Second rubber body 37 is provided so as to be 
in contact with thetop face of first cover 34. Fig. 5 shows 
a perspective view of the second rubber body seen from 
its bottom. The bottom face of second rubber body 37 
has first recess 38 shaped to a rectangular parallelepi- 
ped. Moreover, the inner ceiling of first recess 38 has 
step 39 on outer periphery thereof. The step 39 is 
brought in contact with the top face of first cover 34. Sec- 
ond rubber body 37 has second recesses 40 protruding 
outwardly on the inner side faces of the second rubber 
body. The edges 41a of long sides 41 in the portions 
other than second recesses 40 are brought into contact 
with the outer side faces of first cover 34. Circuit 42 is 
provided under first base 30 and has electronic compo- 
nents 43 on top and bottom faces thereof. Output signal 
of electric charges generated by angular velocity from 
detecting electrodes 28 on second oscillator23 are sup- 
plied to electronic components 43 via terminals 33 and 
flexible wiring board 44, and electronic components 43 
convert the output signals of electric charges into output 
voltage. Circuit board 42 has four notches 45 in the side 
faces and terminal-insertion holes 46. Power-supply ter- 
minal 47, ground terminal 48, and output terminal 49 
project downwardly through these terminal-insertion 
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holes 46 and are soldered thereto. 
„ „[P°26] .Second base 50 Is provided under circuit board 
42 and also has four through holes 51. Power-supply 
terminal 47, ground terminal 48, and output terminal 49 
pass through these through holes 51 via insulators 52 
made of glass. Tubular second cover 53 with a bottom 
is secured to the top face of second base 50 and covers 
first base 30, first cover 34, first rubber body 35, second 
rubber body 37 and circuit board 42. Metallic supporting 
plate 54 is placed above the top face of second base 50 
via supports 55 and thus provides space 54a between 
supporting plate 54 and second base 50. Supports 55 
of supporting plate 54 have broad-shouldered portions 
56 having a width larger than that of notches 54 in circuit 
board 42. Provided on the top face of supporting plate 
54 is placement part 57. Provided over the top face of 
this placement part 57 is first rubber body 35. Com- 
pressing first rubber body 35 and second rubber body 
37, placement part 57 on supporting plate 54 and the 
inner ceiling of second cover 53 support first base 30 
and first cover 34. 

[0027] Hereinafter described is the assembling meth- 
od of an angular velocity sensor in accordance with an 
exemplary embodiment of the present invention struc- 
tured above. 

[0028] First, prepare crystal tuning fork 21 integrally 
formed of first oscillator 22, second oscillator 23 and 
joint 24. 

[0029] Next, form driving electrodes 25 on four side 
faces of first oscillator 22, monitor electrodes 26 on the 
front and back faces of second oscillator 23, ground 
electrode 27 (not shown) on the inner side face of sec- 
ond oscillator 23, and a pair of detecting electrodes 28 
on the outer side face of second oscillator 23, respec- 
tively, using deposition of gold. 
[0030] Next, after securing the base of tuning fork 21 
to supporting base 29, secure the bottom face of sup- 
porting base 29 to the top face of first base 30. 
[0031] Next, after inserting terminals 33 into term in al- 
insertion holes 31 In first base 30 having insulators 32 
madeofglassoninnersurfaces thereof, electrically con- 
nect these terminals 33 to driving electrodes 25, detect- 
ing electrodes 28, ground electrode 27 (not shown), and 
monitoring electrode 26, respectively, via leads (not 
shown) using soldering. 

[0032] Next, secure the outer periphery of first base 
30 to first cover 34 in a vacuum atmosphere so as to 
create a vacuum in the interior space formed therebe- 
tween. 

[0033] Next, aftermounting electronic components 43 
on circuit board 42 and fit supports 55 of supporting plate 
54 into notches 45 in circuit board 42. 
[0034] Next, after passing power-supply terminal 47, 
ground terminal 48, and output terminal 49 through 
through-holes 51 in second base 50, fill through holes 
51 with insulators 52 made of glass and secure power- 
supply terminal 47, ground terminal 48, and output ter- 
minal 49 to second base 50. 



[0035] Next, after passing power-supply terminal 47, 
-ground terminal 48rand output terminals thrbugh~ter r 
minal-insertion holes 46 in circuit board 42, electrically 
connect these terminals to circuit board using soldering. 
5 This angular velocity sensor is configured so that the 
bottom ends of supports 55 of supporting plate 54 are 
in contact with the top face of second base 50. 
[0036] Next, electrically connect six terminals 33 to 
electronic components 43 on circuit board 42 using flex- 
10 jble wiring board 44. 

[0037] Next,afterplacingfirstrubberbody35overthe 
top face of placement part 57 on supporting plate 54, 
further place first base 30 and first cover 34 on the top 
face of first rubber body 35. 

[0038] Next, place second rubber body 37 over the 
top face and outer side faces of first cover 34 and sand- 
wich first cover 34 and first base 30 between first rubber 
body 35 and second rubber body 37. 
[0039] At last, secure second cover 53 to the outer 

20 periphery of second base 50 and allow the interior space 
formed between second cover 53 and second base 50 
to house second rubber body 37, first cover 34, tuning 
fork 21 , first base 30, first rubber body 35, supporting- 
plate 54, and circuit board 42. • 

25 [0040] Hereinafter described is the operation of an an- 
gular velocity sensor in accordance with an exemplary 
embodiment of the present invention as constructed 
above. 

[0041] Applying alternative voltages to driving elec- 
30 trodes 25 on first oscillator 22 of tuning fork 21 allows 
first oscillator 22 to perform flexural vibration at its char- 
acteristic frequency in the driven direction at a speed of 
V in the driven direction. This flexural vibration is trans- 
ferred to opposite second oscillator 23 via joint 24 and 
35 second oscillator 23 also performs flexural vibration at 
■ v its characteristic frequency in the driven direction at a 
speed of V in the driven direction. When tuning fork 21 
rotates at an angular velocity of co around the longitudi- 
nal central axis of tuning fork 21 while second oscillator 
^0 23 and first oscillator 22 performing flexural vibration, a 
Coriolis force of F = 2mvo) is generated in second oscil- 
lator 23. The output signal of charges generated by the 
Coriolis force in detecting electrodes 28 on second os- 
cillator 23 is converted into output voltage using elec- 
45 tronic components 43 on circuit board 42 via leads (not 
shown) and terminals 33. The output signal is input into 
a computer (not shown) via output terminal 49 of second 
base 50 for processing and the output signal is detected 
as angular velocity. 
50 [0042] Now consider the case where strong vibrations 
are applied to the angular velocity sensor. With the an- 
gular velocity sensor in accordance with the exemplary 
embodiment of the present Invention, supporting plate 
54 having placement part 57 for placing first rubber body 
55 35 over the top face thereof is placed above the top face 
of second base 50 via at least two supports 55 so as to 
provide space 54a between the top face of second base 
50 and supporting plate 54. Moreover, the top face of 
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this supporting plate 54 and the inner ceiling of second 
cover 53compress first rubber body 35 and second rub- 
ber body 37. As a result, first base 30 and first cover 34 
housing first oscillator22 and second oscillator 23 there- 
in are securely supported by first rubber body 35 and 
second rubber body 37. This structure is effective in re- 
ducing external vibrations transferred to first oscillator 
. 22 and second oscillator 23 even when the external vi- 
brations are applied to the angular velocity sensor. 
[0043] With the angular velocity sensor in accordance 
with an exemplary embodiment of the present invention, 
second rubber body 37 has first recess 38 on the bottom 
face thereof, and moreover^ this first recess 38 has step 
39 in the inner ceiling thereof. Then the bottom face of 
this step 39 is brought into contact with the top face of 
first cover 34. Since second recesses 40 further project- 
ing outwardly are provided on the inner side faces of first 
recess 38, the bottom face of step 39 in the Inner ceiling 
of first recess 38 is in contact with the top face of first 
cover 34. Edges 41 a in the portions other than second 
recesses 40 provided on the inner side faces of first re- 
cess 38 are In contact with the outer side faces of first 
cover 34. Such contact reduces the area in which sec- 
ond rubber body 37 is in contact with first cover 34; 
therefore second rubber body 37 reduces external vi- 
bration transferred to the angular velocity sensor, espe- 
cially vibration of higher-frequency, as shown in Fig. 8. 
Fig. 8 shows frequency characteristics of vibration 
transfer varying with size of the areas in which the sec- 
ond rubber body is in contact with the first cover. As a 
result, external vibrations are difficult to be transferred 
to first oscillator 22 and second oscillator 23 and this 
feature is effective in providing an angular velocity sen- 
sor with stable characteristics. 
[0044] Next, consider the case where strong rotation- 
al vibrations are applied to the angular velocity sensor. 
With the angular velocity sensor In accordance with an 
exemplary embodiment of the present invention, step 
39 in second rubber body 37 is brought into contact with 
the outer periphery of the top face of first cover 34 and 40 
edges 41a of long sides 41 of first recess 38 in second 
rubber body 37 are brought into contact with outer side 
faces of first cover 34. Thus, first cover 34 is In contact 
with second rubber 37 only on the outer periphery of the 
top face and the edges of the outer side faces thereof. 45 
As a result, any external rotational shock applied to the 
angular velocity sensor will not rotate fist cover easily 
because first cover 34 is secured to the second rubber 
body on the outer periphery of the top face and the edg- 
es'of the outer side faces thereof. Consequently, exter- 50 
nal rotational vibrations applied to the angular velocity 
sensor will not generate output from second oscillator 
23. This feature is effective in providing an angular ve- 
locity sensor with stable output characteristics. 
[0045] Now, consider the case where strong lateral (in 55 
Fig. 2) vibrations are applied to the angular velocity sen- 
sor. With the angular velocity sensor in accordance with 
the exemplary embodiment of the present invention, 



since notches 45 for positioning four supports 55 of sup- 
porting plate 54 are provided in the^side faces of circuit 
board 42, supports 55 of supporting plate 54 fit into 
these notches 45. Therefore, any strong external lateral 
5 vibration applied to the angular velocity sensor will not 
move supporting plate 54 supported by circuit board 42 
and this feature is effective in providing an angular ve- 
locity sensor with stable characteristics. 
[0046] Next, consider the case where strong vertical 
10 (in Fig. 2) vibrations are applied to the angular velocity 
sensor. With the angular velocity sensor in accordance 
with the exemplary embodiment of the present inven- 
tion, four supports 55 of supporting plate 54 have broad- 
shouldered portions 56 having a width larger than that 
'5 of notches 45 in circuit board 42. This structure prevents 
supports 55 from moving out of circuit board 42 even 
when strong vertical shock force is applied to the angu- 
lar velocity sensor. As a result, first oscillator 22 and sec- 
ond oscillator 23 are securely supported and this secure 
support is effective in stabilizing the output of the angu- 
lar velocity sensor. 

INDUSTRIAL APPLICABILITY 

[0047] As hereinabove described, an angular velocity 
sensor of the present invention is structured so that a 
supporting plate having a placement part for placing a 
first rubber body over the top .face thereof is placed 
above the top face of a second base via at least two 
supports so as to provide a space between the top face 
of the second base and the supporting plate. In addition, 
the top face of this supporting plate and the inner ceiling 
of a second cover compress the first rubber body and a 
second rubber body. Therefore, a first base and a first 
cover housing a first oscillator and a second oscillator 
therein are securely supported by the first rubber body 
and the second rubber body. This secure support pre- 
vents the first oscillator and the second oscillator from 
the movement caused by transferred vibration, even 
when external vibrations are applied to the angular ve- 
locity sensor. As a result, an angular velocity sensor 
having stable output against vibration can be provided. 

FIG. 8 
[0048] 

Frequency characteristics of vibration transfer 
Gain 

Frequency 

For a large contact area 
For a small contact area 

List of Reference Numerals 
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Claims 

35 

1 . An angular velocity sensor comprising: 

a tuning fork (21 ) for outputting a signal respon- 
sive to angular velocity; 

a first base (31 ) having a top face for securing 40 
a part of said tuning fork (21) thereto; 
a first cover (34) for covering said tuning fork 
(21 ) together with said first base (31 ); 
a second rubber body (37) in contact with a top 
face of said first cover (34); 45 
a first rubber body (35) having a top face in con- 
tact with a bottom face of said first base (31 ); 
a supporting plate (54) having a top face in con- 
tact with a bottom face of said first rubber body 
(35); 50 
a second base (50) disposed under said sup- 
porting plate (54); and 

a second tubular cover (53) having a bottom 
and covering said tuning fork (21), said first 
base (31), said first cover (34), said second rub- 55 
ber body (37), said first rubber body (35), and 
said supporting plate (54) together with said 
second base (50); 



wherein said first rubber body (35) and said 
-—-second rubber body (37) are compressed and 
held by the top face of said supporting plate 
(54) and an inner ceiling of said second cover 
(53). 

2. The angular velocity sensor according to Claim 1 
further comprising a circuit board having electronic 

• components for processing said signal output from 
said tuning fork and provided between said support- 
ing plate and said second base. 

3. An angular velocity sensor comprising: 

a tuning fork including: 

a first oscillator having at least one of a driv- 
ing electrode and a detecting electrode; 
a second oscillator having at least one of a 
detecting electrode and a driving elec- 
trode; and 

a joint for connecting one end of said first 
oscillator and one end of said second os- 
cillator; 

a first base having a top face for securing said 
joint and a plurality of terminal-insertion holes, 
each of said plurality of terminal-insertion holes 
allowing- passage of a plurality of terminals 
electrically connected to one of said driving 
electrode and said detecting electrode; 
a first cover secured on the top face of said first 
base and covering said tuning fork; 
a first rubber body having a top face in contact 
with a bottom face of said first base; 
a supporting plate having a placement part hav- 
ing a top face for placing said first rubber body; 
a second rubber body provided so as to be in 
contact with a top face of said first cover; 
a circuit board provided under said first base 
and having electronic components for process- 
ing output signal generated by angular velocity 
from said detecting electrode, said circuit board 
having a power-supply terminal, ground termi- 
nal and output terminal projecting downwardly; 
a second base provided under said circuit 
board and having through holes, said through 
holes allowing passage and securing of said 
power-supply terminal, said ground terminal 
and said output terminal thereto; and 
a second tubular cover having a bottom se- 
cured to a top face of said second base, and 
covering said tuning fork, said first base, said 
first cover, said first rubber body, said second 
- rubber body, said supporting plate and said cir- 
cuit board; 

wherein said supporting plate is placed above 
a top face of said second base via a plurality of 
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supports so as to provide a space between the 

_. top face of said.second base and said support- , 

ing plate and the top face of said supporting 
plate and a inner ceiling of said second cover 
compress said first rubber body and said sec- s 
ond rubber body. 

\. The angular velocity sensor according to Claim 3 
wherein a first recess is provided on a bottom face 
of said second rubber body, a step is provided in an 10 
inner ceiling of said first recess, a bottom face of 
said step and said top face of said first cover are 
brought into contact with each other, and second 
recesses further protruding outwardly are provided 
on inner side faces of said first recess. is 

!. The angular velocity sensor according to Claim 4 
wherein said first recess in said second rubber body 
.. is shaped to a rectangular parallelepiped, said step 
is provided on an outer periphery of said inner ceil- 20 
ing of said first recess, said second recesses are 
provided only the portions along long sides of said 
first recess other than edges thereof, said first cover 
is shaped to a rectangular parallelepiped having an 
opening on a bottom thereof, said step in said sec- 25 
ond rubber body is brought into contact with an out- 
er periphery of said top face of said first cover, and 
said edges of said long sides of said first recess in 
said second rubber body are brought into contact 
with outer side faces of said first cover. . 30 

The angular velocity sensor according to one of 
Claims 3 to 5 wherein said first rubber body has es- 
capes for receiving said plurality of terminals 
through said first base. 35 

The angular velocity sensor according to one of 
Claims 3 to 6 wherein side faces of said circuit board 
have notches for positioning said plurality of sup- 
ports. 40 

The angular velocity sensor according to one of 
Claims 3 to 7 wherein said first base and said first 
cover are secured to each other so as to create a 
vacuum in an interior space formed therebetween. 45 

The angular velocity sensor according to one of 
Claims 3 to 8 wherein said plurality of supports of 
said supporting plate have broad-shouldered por- 
tions having a width largerthan that of said notches, so 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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